Introduction
In healthy adults, gluconeogenic substrate supply or 75% are cut-off points widely used to define malnutrition. If these were applied to African childoes not play a major role in the regulation of total glucose production during fasting for 16 h.1,2 Since dren, approximately half of the children would have to be considered as malnourished, although most of young children have limited glycogen stores, gluconeogenesis becomes the predominant source of them appear clinically normal.5 It is possible that gluconeogenic precursor supply is limited to a greater glucose production during fasting earlier in children than in adults, and the high glucose tissue utilization extent in these seemingly malnourished African children, consequently limiting glucose production. rate in children allows only a precarious balance to be maintained.3 This is reflected by the inability of Since in malaria peripheral glucose utilization is increased,6 precursor supply could play an even children aged 1.5-9 years to maintain a normal plasma glucose concentration during a 24-hour fast. 4 more critical role in maintaining glucose production in these African children suffering from falciparum Of the American weight-for-age standards, 80% malaria. This is an interesting issue, as hypoglycaecases combined with chloroquine, was given. An mia, not due to hyperinsulinism caused by the intravenous cannula was introduced in a forearm administration of quinine,7 is a frequent complication vein for isotope infusion. A second cannula for in African children with severe falciparum malaria, bloodsampling was introduced into a suitable vein associated with a high morbidity and mortality. 8, 9 of the contralateral arm. The catheters were kept The objective of this study was to evaluate the patent by a slow saline drip. effect of extra precursor supply by infusion of alanine
The study design is shown in Figure 1 . After (1.5 mg/kg/min) on glucose production (measured by obtaining a baseline blood sample for determinprimed, continuous infusion of [6,6- 
Study design
collected at the end of the study (t=240 min). Blood samples for plasma glucose, Patients were recruited immediately after laboratory [6,6-2H 2 ]glucose enrichment, insulin, counterconfirmation of the clinical diagnosis and exclusion regulatory hormones and cytokines were collected of quinine-use by a quinine dipstick.12 Each patient was weighed and treatment with fansidar, in some in prechilled heparinized tubes, and samples for alanine and lactate into fluoride tubes. All samples (kindly provided by Schering-Plough Research Institute, Kenilworth, NJ, USA), detection limit: were kept on ice and centrifuged promptly. Aliquots of separated plasma were stored below -20°C, and 20 pg/ml. were transported on dry ice before assay.
Calculations and statistics Assays
Glucose production rate was calculated from the dilution of the infused tracer in plasma. Because All measurements were performed in duplicate and all samples of each individual subject were analysed plasma glucose concentrations and tracer/tracee ratios for [6,6- Tables 1 and 2 . Their illness solvent extraction,14 and cortisol by fluorescence had a median duration of 3 (range 2-6) days, and polarization immunoassay on TDx (Abbott they had not eaten for a median period of 12 (range Laboratories). Plasma alanine concentration was 4-24) h before the study. Median axillary temperdetermined by aminoacid analyzer (Chromocon 500, Kontron), plasma lactate by an enzymic method (Boehringer Mannheim) on a Cobas Bio Centrifugal concentrations of IL-10 were measured by ELISA ature was 38.9 (range 37.0-40.5)°C. By US standand t=240 min (data not shown). During alanine infusion, glucose production did not change: ards, six were below the 10th percentile of weight for height and seven were below the 10th percentile 5.8±0.4 vs. 5.7±0.3 mg/kg/min) (Figure 2b Figure 2a ). There were no majority of the patients, as found previously in patients with falciparum malaria.17-20 differences in tracer/tracee ratios between t=90, t= 105 and t=120 min, or between t=210, t=225
Discussion
In these Kenyan children with uncomplicated falciparum malaria, alanine infusion did not increase glucose production. These results suggest that despite the rather low plasma alanine concentrations, gluconeogenic precursor supply was not a factor limiting glucose production. These children had weight-for- sTNF-RI (ng/ml) 6.4 (3.9-14.7) 0.3-2.9 sTNF-RII (ng/ml) 46.8 (13.5-121.0) 1.9-8.5
(a) (b) Figure 2 . a Plasma glucose concentrations in 10 Kenyan IL-1 (pg/ml) <10 (<10) <10
IL-6 (pg/ml) 31 (<2-274) <10 children with uncomplicated falciparum malaria: basal and during alanine infusion. b Rate of glucose production IL-10 (pg/ml) 507 (265-3215) <20
in 10 Kenyan children with uncomplicated falciparum malaria: basal and during alanine infusion. Data are medians (range).
heights and height-for-ages around the 10th percentof precursor supply for gluconeogenesis. In adults, in the postabsorptive state, gluconeogenic substrate ile of the US standards of weight for height and height for age.16 Nonetheless, physical examination supply does not play a major role in the regulation of total glucose output, unless its supply diminishes indicated that these children were well-proportioned and had no other underlying disease. Moreover, below a certain level.1,2 Several studies in postabsorptive adults tested the effect of extra gluconeogenic plasma albumin concentrations were within the normal range.
precursor supply on total glucose production by infusing glycerol or lactate, and reported no increase The absence of an increase in glucose production during alanine infusion is not due to inadequate in glucose production.1,2,30 However, after prolonged starvation (3-4 weeks) in adults, extra precursor supply alanine infusion, since (i) plasma alanine concentrations increased significantly, by approximately 200%, did influence glucose kinetics. These adults had low levels of gluconeogenic precursors associated with and (ii) if all alanine had been transformed into glucose, an increase of glucose production by hypoglycaemia and a reduced glucose production rate;31 and only in this circumstance did alanine approximately 25% could be expected. Moreover, the same dose of alanine infusion was given to adults infusion cause an increase in plasma glucose concentrations and an increased incorporation of [14C]label and prevented a decrease in glucose production during dichloroacetate (DCA) administration.1 from alanine into glucose.32,33 Comparable results were obtained in another study in adults, where fluxes The children we studied required hospital admission, but had no defining features of severe malaria. 9 of the major gluconeogenic substrates were decreased by DCA.1 Replenishing gluconeogenic precursor They are thus intermediate between mild out-patient malaria and those with the highest risk of hypoglycaesupply (by exogenous alanine infusion) during DCA administration prevented the decrease in glucose mia. The clinical impression that they were indeed sick, is supported by the high plasma cytokine production.1 These data suggest that adequate amounts of gluconeogenic precursors are always necessary to concentrations in these children. [17] [18] [19] [20] In this study, in children with uncomplicated malmaintain glucose production. Only one study on the relation between gluconeogenic precursor supply and aria considered malnourished, plasma concentrations of alanine were in the low-normal range; those of glucose production in children has been published in Anglo-American literature. Kerr et al.34 tested the lactate were normal. However, White et al. found raised concentrations of alanine and lactate in children effect of infusion of alanine in malnourished and recovered children after an overnight fast, and found with severe falciparum malaria, especially in those with hypoglycaemia.7 The cause of this discrepancy an increase in plasma glucose concentration (#4 mg /100 ml or 1.7 mmol/l), but not in glucose production, in plasma concentrations could be due to diminished liver perfusion that has been documented in severe in both groups. These data suggest that in malnourished children, precursor supply is not critical. malaria but not in uncomplicated malaria, as indicated by indocyanine-green-clearance studies by Molyneux Our data suggest that the amount of gluconeogenic precursors required to maintain an adequate glucose et al. 21 Consequently, decreased clearance rates of gluconeogenic precursors may be present in severe production does not exceed the supply of these precursors by the body in Kenyan children with malaria, but not in uncomplicated malaria.
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